Introduction
where COV 1,2 is the covariance of the overlapped portions of f 1 (x, y) and f 2 (x, y), S 1 is the standard 114 deviation of f 1 (x, y), and S 2 is the standard deviation of f 2 (x, y) (Davis and Sampson 2002).
115
For computational efficiency, the fast Fourier transform (FFT) is widely used instead of the
116
Eqn.
(1). Let f j (x m , y n ), j = 1, 2 be discrete signals, N x the number of data points in the x- 
and the cross-correlation function r x,y can be expressed as
be investigated for other cases in the future to determine whether it should be included prior to 146 application of the cross-correlation algorithm for all situations. where α is a constant that determines the width of the cosine lobe of the window (Tukey 1967).
It is set to 0.2 for this study. The Tukey window function w(x) can be extended to in 2D via 156 multiplying by w(y) in the y-direction:
the wind, some aerosol features in the first image block may move out of the interrogation win- The cross-correlation algorithm provides one wind velocity vector per interrogation window.
181
The typical size of a large interrogation window, for elastic lidar backscatter images, is about 1000 182 m × 1000 m which is larger than the size of most turbulent coherent structures. With a large 183 window size, most microscale structures cannot be resolved although they are important meteoro-184 logical phenomena. In this case, multi-grid interrogation can be used to increase spatial resolution 185 of the wind velocity vector field. Multi-grid interrogation is similar to multi-pass interrogation ex-size is reduced -typically, the reduction factor is 50%. However, displacing the second block 189 increases the similarity of these image blocks, and makes it possible to resolve the wind velocity
190
vector for a relatively small region (less than 500 m × 500 m). Mayor and Eloranta (2001) therefore is able to detect isolated outliers that were missed by the previous test.
219
For a displacement vector v, these tests can be written as:
where v m is the median of the 8 vectors v i neigboring v, and σ s is the median of the neighboring window. This problem becomes worse as the inhomogeneity of the velocity field increases, and es- tions. Then the wind velocity field can be expressed as
where C u and C v be the corresponding components of constant flow. In this study the following 3 290 cases are investigated: light wind (C u = 1.0, and C v = 0), moderate wind (C u = 5.0, and C v = 0),
291
and strong wind (C u = 10.0, and C v = 0).
292
A second image is generated by applying the velocity field and bicubic interpolation to the syn- The effects of each option of the cross-correlation algorithm are investigated by 6 different con-302 ditions (tests 1, 2, 3, 4, 5, and 6) as shown in Table 1 . The image correction, as described by Sasano 
341
The REAL dataset from CHATS was groundbreaking but it had some deficiencies. In particu- 
479
By utilizing synthetic images and velocity fields, Hamada (2014) The tests of the cross-correlation algorithm using synthetic backscatter images and the velocity fields. The five options of the cross-correlation algorithm are, the multi-pass interrogation (MP), the multi-grid interrogation (MG), the zero-padding (ZP), the Tukey window (TW), and the histogram equalization (HE).
and × represent that these options are turned on or off, respectively. Options MP MG HE ZP TW 
